The recently approved LARES satellite, to be launched with a VEGA rocket at the end of 2008, will be used to measure the general relativistic gravitomagnetic Lense-Thirring effect in the gravitational field of the Earth by suitably combining its data with those of the existing LAGEOS and LAGEOS II satellites. An accuracy of about 1% is claimed. In this paper we will show that such an expectation is unrealistic because of the orbital configuration in which LARES will be launched (altitude h = 1200 km, inclination to the Earth's equator i = 71 deg, eccentricity e = 0) and of the impact of the mismodelling in the even zonal harmonic coefficients J ℓ , ℓ = 2, 4, 6, ... of the Newtonian multipolar expansion of the terrestrial gravitational potential. By using eight different global solutions for the static part of the geopotential obtained by four different international institutions, mainly from multi-year data records of the dedicated GRACE mission, it turns out that, according to likely optimistic computations up to degree ℓ = 60, the bias amounts to 25 − 35% with peaks of 45 − 50%. Moreover, such estimates may be optimistic because of numerical instability in computing the classical orbital perturbations on LARES for degree ℓ > 60.
Introduction
The general relativistic Lense-Thirring effect [1] consists of small secular precessions of the longitude of the ascending node Ω and the argument of pericenter ω of the orbit of a test particle in geodesic motion around a central slowly rotating mass. For the existing terrestrial LAGEOS satellites they amount to about 30 milliarcseconds per year (mas yr −1 ).
In a realistic scenario the path of a probe is not only affected by the gravitomagentic field but also by a huge number of other competing orbital perturbations of gravitational and non-gravitational origin. The most insidious ones are those induced by the static part of the Newtonian component of the multipolar expansion in spherical harmonics J ℓ , ℓ = 2, 4, 6, ... of the gravitational potential of the central rotating mass [2] : indeed, they affect the node and the perigee with effects having the same signature of the relativistic signal of interest, i.e. linear trends which are orders of magnitude larger and cannot be removed from the time series of data without affecting the Lense-Thirring pattern itself as well. The only thing that can be done is to model such a corrupting effect as most accurately as possible and assessing, reliably and realistically, the impact of the residual mismodelling on the measurement of the frame-dragging effect.
In the hope of improving the accuracy of the currently ongoing test with the existing LAGEOS and LAGEOS II satellites [3] , whose total accuracy is matter of debate [4] , another LAGEOS-like satellite, named LARES, will be launched by the Italian Space Agency at the end of 2008 with a VEGA rocket [5] . By combining its node with those of LAGEOS and LAGEOS II [6] , according to a strategy put forth for the first time in Ref. [7] , it will be possible to cancel out the impact of the first two even zonals J 2 and J 4 along with their mismodelling. An accuracy of about 1% is claimed [8] .
Unfortunately, it will not be so. Indeed, while LAGEOS and LAGEOS II move at about h = 6000 km, it seems that LARES will be launched in a much lower orbit characterized by an altitude h = 1200 km, inclination to the Earth's equator i = 71 deg, eccentricity e = 0 [9] . This implies that a large number of even zonals of high degree ℓ will come into play by seriously corrupting the total accuracy of the test, as shown in detail in the next section.
The impact of the mismodelling in the even zonal harmonics of geopotential
The secular precessions induced by the even zonals of the geopotential can be written asΩ
where the coefficientsΩ .ℓ , ℓ = 2, 4, 6, ... depend on the parameters of the Earth (GM and the equatorial radius R) and on the semimajor axis a, the inclination i and the eccentricity e of the satellite. For example, for ℓ = 2 we haveΩ
n = GM/a 3 is the Keplerian mean motion. They have been explicitly computed up to ℓ = 20 in, e.g., Ref. [10] . Their mismodelling can be written as
where δJ ℓ represents our uncertainty in the knowledge of J ℓ . The Lense-Thirring precession of the node iṡ
where S is the proper angular momentum of the central body.
The combination which will be used for measuring the Lense-Thirring effect with LAGEOS, LAGEOS II and LARES is [6] Ω LAGEOS + c 1Ω LAGEOS II + c 2Ω LARES , c 1 = 0.3697, c 2 = 0.0619.
The total Lense-Thirring effect, according to eq. (4) and eq. (5), amounts to 47.8 mas yr −1 . The systematic error due to the uncancelled even zonals J 6 , J 8 , ... can be conservatively evaluated as
Of crucial importance is how to assess δJ ℓ . So far in literature it has always been evaluated by considering the covariance sigmas, calibrated (more or less reliably) or not, of the various global Earth's gravity models, i.e. δJ ℓ = σ ℓ , taken one at a time separately, so to say that model X yields an error of δµ = x%, model Y yields an error of δµ = y%, and so on. A much more conservative and realistic approach consists, instead, of taking the differences of the best estimates of the even zonals for pairs of different models, i.e. δJ ℓ = ∆J ℓ = |J ℓ (X) − J ℓ (Y)| [11] and checking if such discrepancies are significative, i.e. are larger than the sum of the covariance sigmas of the models used. Another approach may consist of taking the entire sets of best estimates for each even zonals from various models and computing mean and standard deviation s ℓ of such sets of values for each degree ℓ; thus, δJ ℓ = s ℓ .
We will use the following eight global solutions produced by four different institutions from multi-year data sets mainly from the dedicated mission GRACE [12]: GGM02S [13] and GGM03S 1 [14] (CSR, Texas), JEM01-RL03B 2 (JPL, NASA), EIGEN-GRACE02S [15] , EIGEN-CG03C [16] and EIGEN-GL04C [17] (GFZ, Potsdam), ITG-Grace02 [18] and ITG-Grace03 [19] (IGG, Bonn).
By using eq. (6) with δJ ℓ = ∆J ℓ up to degree ℓ = 60 we have the results in table 1 It must be stressed that they may be still optimistic: indeed, computations for ℓ > 60 become unreliable because of numerical instability of the results (obtained with two different softwares).
If, instead, one assumes δJ ℓ = s ℓ , ℓ = 2, 4, 6, ... i.e., the standard deviations of the sets of all the best estimates of J ℓ for the models considered here the systematic bias, up to ℓ = 60, amounts to 26%. Again, also this result may turn out to be optimistic for the same reasons as before.
Should LARES be launched in different low orbital configurations, the situation would not become better, as shown in Ref. [20] .
Conclusions
The LARES satellite will be launched at the end of 2008 with a VEGA rocket into an orbit with semimajor axis a = 7578 km (h = 1200 km), inclination i = 71 deg, eccentricity e = 0. In conjunction with the existing LAGEOS and LAGEOS II satellites, it aims to measure the general relativistic gravitomagnetic Lense-Thirring effect in the gravitational field of the Earth at about 1% level of accuracy. We have proven that such a goal is unrealistic because of the impact of the uncertainty in our knowledge of the static part of the multipolar expansion in spherical harmonics J ℓ , ℓ = 2, 4, 6... of the Earth's gravity potential which represents the major source of systematic error. By comparing eight global gravity solutions (JEM01-RL03B, GGM02S, GGM03S, ITG-Grace02, ITG-Grace03s, EIGEN-CG03C, EIGEN-GRACE02S, EIGEN-GL04C) produced by four different institutions (JPL, CSR, IGG, GFZ) mainly with multi-year data sets from the dedicated GRACE mission, it turns out that the scatter is still too large, amounting to about 25 − 35% with peaks of 45 − 50%. Moreover, it may Table 1 : Systematic percent error δµ in the measurement of the LenseThirring effect with LAGEOS, LAGEOS II and LARES according to eq. (6) and δJ ℓ = ∆J ℓ up to degree ℓ = 60 for the global Earth's gravity solutions considered here.
Models compared δµ(%)
24% GGM03S−ITG-Grace02 5% GGM03S−ITG-Grace03s 5% GGM03S−EIGEN-CG03C 36% GGM03S−EIGEN-GRACE02S 52% GGM03S−EIGEN-GL04C 33% ITG-Grace02−ITG-Grace03s 4% ITG-Grace02−EIGEN-CG03C 39% ITG-Grace02−EIGEN-GRACE02S 54% ITG-Grace02−EIGEN-GL04C 37% ITG-Grace03s−EIGEN-CG03C 38% ITG-Grace03s−EIGEN-GRACE02S 53% ITG-Grace03s−EIGEN-GL04C 35% EIGEN-CG03C−EIGEN-GRACE02S 27% EIGEN-CG03C−EIGEN-GL04C 8% EIGEN-GRACE02S−EIGEN-GL04C 32% turn out that such evaluations, based on computations up to degree ℓ = 60, are optimistic because of the impossibility of reliably extending them to degrees ℓ > 60. It is so because of the low altitude of LARES with respect to LAGEOS and LAGEOS II (h ≈ 6000 km) which brings into play a large number of even zonal harmonics.
